Homotrinuclear complexes were synthesized by reaction of [30]trithiadodecaazahexaphyrine (hemihexaphyrazine) with nickel(II), copper(II) or manganese(II
Introduction
Since the beginning of this millennium considerable efforts have been devoted to the synthesis, structure elucidation and study of the properties of new macroheterocyclic compounds (Mc's) with enlarged coordination cavities. [1] [2] [3] [4] [5] [6] A principal aspect derived from structures of these compounds is aromaticity of central core and applicability of Hückel's rule to describe its electronic structure. [7] [8] [9] Among expanded compounds, Mc's of ABABAB-type (hemihexaphyrazine, H 3 Hhp) containing six consecutively interlinked 1,3,4-thiadiazole (A) and isoindole (B) subunits bridged by nitrogen atoms [10, 11] induce a particular interest. Indeed, various substituted macroheterocyclic compounds of this type were synthesized to date [12] [13] [14] [15] [16] [17] [18] and their structures were confirmed by gas electron diffraction (GED) [19, 20] and single crystal X-ray diffraction [21] methods. It was established that compounds of this type have a nonaromatic macrocyclic backbone containing 30 carbon and nitrogen atoms which form an expanded coordination cavity compared to that of porphyrins and phthalocyanines. This extended macrocyclic system is able to bind up to three transition metal atoms. [10, 11, 22] Since nonsubstituted H 3 Hhp is only slightly soluble in organic solvents, [23] information on the metal complexes of these compounds was limited by synthesis of metal complexes of substituted hemihexaphyrazines. Therefore, the aim of this work is the synthesis of transition metal complexes based on the unsubstituted H 3 Hhp.
Experimental
MALDI-TOF spectra of metal complexes were performed on a Bruker Reflex III instrument in Universidad Autónoma de Madrid, Spain and MALDI-TOF spectra of metal free H 3 Hhp on Axima Confidence, Shimadzu (Ivanovo State University of Chemistry and Technology). UV-vis spectra were recorded by a HELIOS ZETA spectrophotometer using mixture of phenol and methanol (1:1 v/v) as the solvent (1 cm path length quartz cell). Elemental analysis was performed on Flach EA 1112 instrument. IR spectra were recorded on Avatar 360 FT-IR ESP spectrophotometer (ISUCT).
Thermogravimetric analysis (TGA) and differential scanning calorimetry (DSC) were carried out on STA 449 F1 "Jupiter"(Netzsch, Germany) unit at a heating rate of 5 °C•min 
Quantum Chemistry Details
Quantum chemistry calculations have been carried out by the density functional theory method (DFT, B3LYP functional) with the use of 6-31G(d,p) basis set for describing the electron shells of C, N, O, S, and H atoms and an effective core pseudopotential LANL2DZ [24] for Cu atoms. Since this cationic complex is an open shell system, a formalism of UHF has been applied. The results of second derivatives calculations showed no imaginary frequencies. All calculations were carried out using the Firefly QC package, [25] which is partially based on the GAMESS (US) [26] source code. ChemCraft software [27] was applied for preparation of input data file, as well as for processing and visualization of the computed results.
Synthesis of H 3 Hhp (1)
A solution of phthalonitrile (0.64 g, 5.0 mmol) and 2,5-diamino-1,3,4-thiadiazole (0.58 g, 5.0 mmol) in ethylene glycol (150 ml) was stirred at reflux for 24 h. After cooling to room temperature, the reaction mixture was poured into water (100 ml). 
Synthesis of [30]Trithiadodecaazahexaphyrine
Complexes (2) (3) (4) General procedure: The corresponding metal acetate (0.6 mmol) was added to a solution of H 3 Hhp (0.14 mmol) in phenol (5 g) at 45 °C. Then the reaction mixture was stirred for 5 h at 100 °C and after that was poured into 150 mL of hot water. A precipitate was filtered and vigorously washed with hot water, DMF, acetone, hexane and dried under vacuum at 60 °C for 4 h. 2-4 are dark brown powders which are insoluble in common organic solvents, very low soluble in DMF and pyridine, soluble in phenol.
2, Cu-complex, was obtained following the general procedure using 0.139 g (0.55 mmol) of Cu(CH 3 COO) 2 
Results and Discussion
One of the most prevalent synthetic methods to gain access to macroheterocyclic compounds is reaction of substituted and unsubstituted phthalonitriles or their functional derivatives with aromatic diamines in appropriate solvents. As usual, the reaction of 1,3-diamines in the condensation results in four membered macroheterocyclic compounds of ABAB-type formation.
[28] However, utilization of 2,5-diamino-1,3,4-thiadiazole as starting material led to a new class of macroheterocyclic compounds of ABABAB type. [10, 11] Herein, a nonsubstituted H 3 Hhp was obtained by condensation of phthalonitrile and 2,5-diamino-1,3,4-thiadiazole in phenol. [23] To avoid the use of this highly toxic solvent, we have established a new synthetic protocol, employing ethylene glycol as a reaction medium (Scheme 1). Thus, we found out that compound H 3 Hhp can be obtained in 23 % yield in refluxing ethylene glycol in 26 h. [23] The product obtained was characterized by MALDI TOF, IR, UV-Vis spectroscopy, and elemental analysis, and its spectroscopic parameters agree well with those reported elsewhere. [21, 23] However, efficient metallation of 1 could be only achieved in phenol as a solvent, employing acetates of copper(II), nickel(II) and manganese(II) in homogenous medium (Scheme 1), where reagents are present in sufficiently high concentrations. Following the same procedure, metal complexes 2-4 were prepared. During synthesis, the characteristic color change of the reaction solution took place, with color turning from orange to brown. It has been found that complexes formation was finished within 4 hours in all cases.
Then hot dark brown mass was poured into water and vigorously washed with hot water to eliminate phenol. After that the precipitates were carefully washed by hot solvents: DMF, acetone, hexane and the precipitates were dried under vacuum. The yields of 2-4 are in range of 20-61 % which may be explained by loss of products during phenol elimination and their different solubility in DMF.
Metallocomplexes 2-4 were characterized by MS (MALDI-TOF), UV-vis, IR data and elemental analysis. Mass spectrum of Cu-complex 2 displays a low intensity peak at 868.9 Da which corresponds to [Hhp+3Cu] + and major peak at 884.9 Da of [Hhp+3Cu+O] + (Figure 1 ). Isotope distributions of the signals are in good agreement with those derived from theoretical calculations. It's worthy to note that Homotrinuclear Сomplexes of [30] 
The formation of the [Hhp+3Cu+O]
+ detected in the MS may occur during both synthesis and MALDI-TOF experiment. This phenomenon is not clear yet and will be under consideration in the future. Since this cationic complex was found to be stable in gas phase, theoretical method was used to elucidate its structure. It was assumed that oxygen atom can be located in the center of molecule. Full geometry optimization carried out at DFT level led to a plane structure corresponding to the minimum of potential energy surface with symmetry near to D 3h point group (Figure 2) .
Since 2-4 are very insoluble in common organic solvents, their UV-Vis spectra were recorded in phenol -methanol mixture (1:1 v/v) (Figure 3 ). The spectra of metal complexes are significantly different from that of the metal-free 1. Broadened absorption bonds of different intensity appear at 350-550 nm and can be attributed to electron transfers transitions with participation of p-orbitals of ligand and d-electronic shells of metal. It's worthy to note that there is a strong influence of metal upon electronic structure as reflected in UV-vis spectra of these complexes. The bathochromic shifts of absorption are increased in row Cu, Mn, Ni, what is just opposite to those observed in corresponding complexes of phthlocyanine. [29] [30] [31] [32] A signal at 3220 cm -1 corresponding to vibrations of inner N-H bonds in IR spectrum of metal-free compound 1 disappears upon complexation (Figure 4) . The vibrations of -C=N-bonds, which appear as strong bands at 1624 cm -1 in spectrum of 1, are shifted in lower field to 1510 cm -1 during complexation.
TG and DSC Analysis
Thermal behavior of the obtained complexes were studied via investigation of the manganese complex 4 in argon-oxygen atmosphere. The TG analysis of 4 shows a two-step degradation process ( Figure 5 ). After initial loss of the moisture at 70-100 °C, the pyrolysis of the complex with a loss of weight of 49.5 % takes place in the range of 386-501 °C. An intense elimination of H 2 O, CO, CO 2 , NO, NO 2 , SO 2 synchronously detected by mass-spectrometer shows that a profound oxidation of macrocyclic core takes place in this temperature range. Early it was communicated [23] that metal-free 1 is decomposed at 460 to 510 °C. Hence introduction of three atoms of manganese into coordination cavity of 1 led to decrease in its thermostability.
Conclusion
Homotrinuclear complexes of [30] trithiadodecaazahexaphyrine (2-4) were synthesized by interaction of H 3 Hhp with nickel(II), copper(II) or manganese(II) acetates in phenol. All compounds were characterized by UV-Vis, IR spectroscopy, mass-spectrometry and elemental analysis. A complex of the formula [Hhp+3Cu+O] + was detected in the mass-spectrum and elucidated by quantum chemistry calculations at DFT level. TG and DSC analysis of manganese complex 4 showed its high thermal stability. 
